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IMBALANCE COMPENSATION DEVICE FOR CENTRIF UGES 

Field of Invention 

The invention relates to a device of the type, defined in the introductory 

portion of claim 1. 

Background Information and Prior Art 

In the case of an imbalance of the rotor, which is produced, for example 
by asymmetric loading, such a device compensates for imbalance owing to the fact that 
the weight-affected compensating ring is shifted during the rotation of the rotor as the 
bearing device yields in a direction opposite to the imbalance weight and compensates for 
the imbalance by these means. 

A generic device of the type mentioned above is known from the DE 
4293504 Al, the bearing device of which has several radially acting springs, which are 
disposed spaced apart at the periphery. However, this construction has appreciable 
disadvantages. 

To begin with, the radially acting force of the springs of the bearing device 
is different for different peripheral angles, depending on the distance separating the 
peripheral angle from the adjacent springs. This results in nonuniform relationships, 
which interfere with the compensation for the imbalance. Furthermore, the individually 
constructed springs can be matched to the same spring force only with difficulty; this also 
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results in interferences with the compensation of the imbalance. Moreover, the 
undampened springs of the bearing device, which are provided in the case of the known 
construction, form a system capable of vibrating, which is a source of additional, 
undesired resonances. In addition, the known bearing device is effective essentially only 
in the plane of the bearing device and not against tilting deflections. Finally, it is also 
very expensive to produce the known construction. 

For these reasons, the known device is suitable only for slight imbalance 
requirements at a low rpm, as in the case of a washing machine, demonstrated in the 
publication cited. It is not very suitable for high-speed centrifuges. 



Object of the Invention 

It is an object of the present invention to develop the generic device to 
save costs and meet higher imbalance requirements. 



Summary of the Invention 

This objective is accomplished with the distinguishing features of claim 1. 

As bearing device, the inventive device has an elastic ring. In the simplest 
case, the compensating ring is, for example, a steel ring of suitable weight fastened to the 
surface of the rotor over an elastic ring in the form of a rubber layer. Obviously, such a 
construction is very cost-effective. The annular shape of the elastic ring, which can be 
constructed symmetrically all around and makes possible the same (isotropic) elastic 
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properties under all peripheral angles, is an advantage. Such an elastic ring can be 
constructed so that it will dampen well. Resonance frequencies then do not occur, so that 
additional resonances are not formed in the vibratory system of the centrifuge. 
Depending on the cross sectional geometry, the elastic ring can produce very good 
restoring forces also in the tilting direction of the rotor axis with respect to the 
compensating ring and, with that, also compensate for tilting movements very well. With 
this, an imbalance compensation in several degrees of freedom is produced in a simple 
manner. At low cost and because of its simple construction, the inventive device is 
therefore suitable for centrifuges of all types, especially also for high-speed centrifuges, 
such as especially laboratory centrifuges, which can also be retrofitted. 

The device can be mounted at different concentric surfaces of the rotor, 
for example, at the rotor container provided for accommodating the material to be 
centrifuged. Advantageously, however, in accordance with claim 2, it is intended to be 
mounted at the drive shaft, for example, in the vicinity of the rotor container. By these 
means, the mounting is simplified. 

The device may be provided at a concentric outer surface of the rotor, for 
example, at the periphery of the rotor container or particularly advantageously by 
mounting it on the outside of the shaft. Advantageously, however, in accordance with 
claim 3, it is disposed at a concentric inner surface, particularly at an inner surface of the 
rotor container. This leads to a particularly space-saving construction. 
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Advantageously, the elastic ring of claim 4 is constructed as an 
elastomeric ring. Suitable elastomers, such as natural rubber or a synthetic elastomer can 
be used. Especially the spring action, which is uniform in all directions, and the good 
inherent damping of the material are of advantage here. 

The elastomeric ring can be constructed in one piece. Advantageously, 
however, in accordance with claim 5, it is constructed in several layers. These layers can 
be separated by planes disposed perpendicularly to the axis or especially also as 
concentric layers disposed in the radial direction above one another. The rebounding and 
damping properties of the elastomeric ring can be optimized by the multilayer 
construction with layers having different elastomeric parameters. 

Advantageously, in accordance with claim 6, a seating ring is provided on 
the side of the elastomeric ring, intended to be fastened to the rotor. This seating ring 
consists, for example, of metal and makes possible a regular metal-to-metal fastening of 
the device. 

The compensating ring, which preferably consists of metal, the elastic ring 
and an optionally provided seating ring can be inserted loosely one inside the other and 
held together by additional devices. Advantageously, however, in accordance with claim 
7, they are permanently connected with one another into a structural unit, thus improving 
the installability and the functional reliability. 
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Preferably, the elastomeric ring of claim 8 consists wholly or partially, for 
example in one or several layers, of an elastomeric foam which, because of its special 
elasticity property, enables the rebound and damping properties of the elastomeric ring to 
be optimized further. 

Advantageously, according to claim 9, the elastic ring is constructed as an 
obliquely wound helical spring. With this construction, radial elastic properties can be 
achieved, which are similar to those of an elastomeric ring, however, with the 
advantages, for example, of a better heat stability and chemical resistance. Good inherent 
damping can also be attained here due to frictional damping resulting from the multiple 
contacts of the threads of the screw. 

The invention is shown by way of the example and diagrammatically in 
the drawings, in which 

Figure 1 shows a section through a laboratory centrifuge with several imbalance 
compensating devices with an elastomeric ring, 

Figure 2 shows one of the imbalance compensating devices shown in Figure 1 in an 
axial view in section along the line 2-2, 

Figure 3 in a representation similar to that of Figure 2 shows a variation of the 
imbalance compensating device, 
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Figure 4 



in a representation similar to that of Figure 2 shows a further variation of 



the imbalance compensating device, 



Figure 5 



shows a further variation of the imbalance compensating device in a 



sectional view of Figure 1 and 



Figures 6 and 7, in different sectional representations, show an imbalance compensating 
device, which is disposed on the shaft of the centrifuge and has a helical 
spring as elastic ring. 

In Figure 1, a laboratory centrifuge of the usual construction is shown, the 
outer protection of housing has been omitted. 

A drive motor 3, which is mounted elastically with springs 2, is disposed 
on a base plate 1 . It drives a perpendicular shaft 4 for a rotor, which consists of the shaft 
4 and a rotor container 5. 



sample tubes 7, which are to be centrifuged. In order to explain imbalance, there is a 
sample tube 7 in only one of the two opposite receptacles 6, the opposite receptacle 6 
being empty. As a result, an appreciable imbalance is produced, for which compensation 
is required. 
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The rotor container 5 has several receptacles 6, for accommodating 



To compensate for the imbalance, an imbalance compensating device I is 
provided at the shaft 4. The device I consists of a compensating ring 8 and of an elastic 
ring in the form of elastomeric ring 9. This device I is shown once again on an enlarged 
scale in Figure 2 in an axial view along the sectional line 2-2 in Figure 1 . It can be seen 
that the elastomeric ring 9, which may consist of any suitable natural or synthetic 
elastomer, permits the compensating ring 8, which is encumbered with a suitable mass 
and consists, for example, of steel, to be shifted radially relative to the shaft 4. The 
telling movements of the shaft 4 with respect to the plane of the compensating ring 8 are 
also compensated for in the elastomeric ring 9. The elastomeric ring 9 can have the usual 
elastomeric properties and thus, in particular, not only acts elastically, but also has 
significant damping properties. 

Figure 1 shows that an imbalance compensating device, with an 
elastomeric ring 9 and a compensating ring 8, can be constructed so that it can be 
mounted at different positions on the rotor. 

A compensating device II may be provided on the periphery of the rotor 
container 5. A compensating device III may be provided at the lower front surface of the 
rotor container 5, with the special feature that the elastomeric ring is stressed in shear 
here. In the case of the construction of the rotor container 5, shown, with a lower recess 
with a cylindrical inner surface 10, a compensating device IV is particularly 
advantageously disposed on this cylindrical surface 10, the compensating ring 8 ring then 
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being on the inside and the elastomeric ring 9 on the outside of the inner surface 10 of the 
rotor container 5. A compensating device V, can also, as shown in Figure 1, be disposed 
at the shaft 4 protruding downward beyond the motor 3. 

A compensating device VI can furthermore also be disposed within the 
rotor container 5 at a cylindrical inner surface 10'. In the case shown, as indicated by 
Figure 1, the compensating ring 8 f can also be constructed as a solid disk. 

The most suitable site I to IV for mounting the compensating device can 
be selected depending on the oscillating behavior of the centrifuge as shown in Figure 1. 
Advantageously, several compensating devices may also be disposed, for example, in 
positions I and IV in order to compensate for imbalance better. 

Variations of the compensating device, disposed in position I of Figure 1 
and explained in the following, are possible. Modified appropriately, they can also be 
used for the compensating devices shown in the other positions. 

In Figure 3, a construction is shown which, with the compensating ring 8 
and the elastomeric ring 9, aside from other dimensions, corresponds to the construction 
of Figure 2. Within the elastomeric ring 9, however, a seating ring 11, consisting, for 
example, of steel is additionally provided and is constructed to fit snugly on the shaft 4. 
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The embodiment of Figure 4 corresponds to that of Figure 3 with the 
exception of the fact that the elastomeric ring consists of two concentric layers 9', 9", 
which consists of different elastomeric materials and have, for example, different elastic 
or damping properties. The compensating behavior of the elastomeric ring 9', 9" can be 
optimized by these means. 

Figure 5 shows a variation of the construction shown in Figure 3, for 
which the compensating ring 8, enclosed all around, is disposed in the elastomeric ring 9. 
By these means, the compensating properties, as well as the ease of fabrication and the 
fatigue strength can be improved. 

For all the embodiments of the compensating device shown, the parts 8, 9, 
1 1 in particular may be connected permanently with one another, for example, by gluing 
or vulcanizing, in order to create a construction, which is secured against shifting and can 
be handled easily during the installation. 

In the embodiment shown, the elastomeric ring 9 may consist of a pore- 
free elastomeric material, especially however also of an elastomeric foam, the special 
elastic and damping properties of which can be utilized advantageously here. In the case 
of embodiment 4, for example, one of the layers 9\ 9" may consist of elastomeric foam or 
also both layers may consist of different foams. 
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In the embodiment shown, the elastomeric ring 9 is represented with a 
rectangular cross-sectional shape. Moreover, its radial thickness and its thickness 
extending in the axial direction of the shaft 4 can be adapted the desired balance 
parameters, particularly also with regard to the ratio of the radial elasticity to the tilting 
elasticity. 

The cross-sectional geometry can advantageously also be different, for 
example, with a spherical curvature of the front surface of the elastomeric ring or with 
hollow surfaces, as shown by the elastomeric ring 9' of the balancing device VI, in order 
to adjust its elasticity properties in a desired manner. For the same purpose, the 
elastomeric ring can also, for example, be provided with cavities or openings distributed 
over the periphery, provided that the elastic properties, which are kept as far as possible 
the same under all angles (isotropic), are not affected excessively by this arrangement of 
cavities and openings. 

In different sectional representations, Figure 6 and 7 show a further 
embodiment of an imbalance compensating device, which may be mounted, for example, 
on the shaft 4 in position I of Figure 1 . If appropriately modified constructively, it may 
also be suitable for the other mounting positions II to IV of Figure 1 . 

For the embodiment of 6 and 7, the elastic ring is constructed not as an 
elastomeric ring, but as an annular helical spring 19. The latter is supported, on the one 
hand, in a peripheral outer grove 16 of the seating ring 1 1 and, on the other, in a 
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peripheral inner grove 17 of the compensating ring 8, so that the imbalance compensating 
device forms a positively connected installation unit. As shown by Figure 6, the cross- 
sectional shapes of the grove 16 and 17 are adapted to the cross-sectional peripheral 
shape of the helical spring 19. 

In the case of a normally wound helical spring, the individual convolutions 
are essentially radial in the view shown by Figure 4. However, as shown in Figure 7 for 
the diagrammatically demonstrated helical springs 19, which can be used for the present 
purpose, the individual convolutions are inclined at an angle a to the radial direction, 
shown by the line of dots and dashes. By these means, the helical spring 19 can yield 
elastically in the radial direction in much the same way as the elastomeric ring 9, used in 
the embodiments of Figures 1 to 5. Tilting motions of the shaft 4 relative to the 
compensating ring 8 can also be compensated for elastically by the helical spring 19. 

The helical spring 19 may consist of suitable spring materials, such as 
spring steel. Contrary to the elastomeric ring 9, used in the embodiments of Figures 1 to 
5, the spring ring 19 and accordingly the whole of the imbalance compensating device, 
1 1 , 19, 8 may be constructed, for example, to withstand high temperatures and the action 
of solvents. 

Compared to the elastomer used in the other embodiments, the helical 
spring 19, used in embodiments of Figure 6 and 7 as spring ring, has the disadvantage of 
a deficient inherent damping. However, in the case of the embodiment shown in Figures 
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6 and 7, the helical spring 19 is supported in the grooves 16 and 17 with all its 
convolutions in point or line contact. In the event of radial compensating movements of 
the helical spring 19, these contact positions are shifted in sliding motion, which is 
associated with a corresponding friction. By these means, an adequate damping effect is 
achieved by frictional damping also for this construction of the elastic ring. 
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Claims 



1. A device for automatically compensating for the imbalance of the rotor 
(4, 5) of a centrifuge with a compensating ring (8), which can be supported concentrically 
in the resting position over an elastic bearing device at a concentric surface of the rotor, 
wherein the bearing device is constructed as an elastic ring (9,19), which yields at least 
radially. 

2. The device of claim 1 with a rotor (4, 5) having a drive shaft (4), 
wherein the device (8, 9) is constructed to be mounted on the outer surface of the shaft 
(4). 

3. The device of claim 1 with a rotor (4, 5) having a drive shaft (4), 
wherein the device (8, 9) is constructed to be mounted on the inner surface of the shaft 
(4). 

4. The device of claim 1, wherein the elastic ring is constructed as an 
elastomeric ring (9). 

5. The device of claim 4, wherein the elastomeric ring is constructed of 
several layers (9\ 9") with different elastomeric properties. 
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6. The device of claim 1, wherein a seating ring (1 1), constructed for 
being mounted on the surface of the rotor, is provided on the side of the elastic ring (9, 
19) lying on the surface of the rotor (4, 5). 



7. The device of claim 1, wherein the parts (8, 9, 1 1 ; 8, 19, 1 1) of the 
device are permanently connected with one another. 

8. The device of claim 4, wherein the elastomeric ring (9; 9\ 9") consists 
at least partially of an elastomeric foam. 

9. The device of claim 1, wherein the elastic ring is constructed as an 
annular helical spring (19) with convolutions extending obliquely to the radial direction. 
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Imbalance Compensating Device for Centrifuges 



A device for automatically compensating for the imbalance of the rotor (4, 
5) of a centrifuge with a compensating ring (8), which can be supported concentrically in 
the resting position over an elastic bearing device at a concentric surface of the rotor, 
wherein the bearing device is constructed as an elastic ring (9,19), which yields at least 
radially. 
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§1 12, 1 acknowledge the duty to disclose material 
information as defined in Title 37, Code of Federal 
Regulations, § 1.56(a) which occurred between the 
filing date of the prior application and the national or 
PCT international filing date of this application. 



PCT/EP00/07495 

(Application Serial No.) 
(Anmeldeseriennumer) 



02 August 2000 
(Filing Date) 
(Anmeldedatum) 



pending 



(Status) 
(patentiert, anhangig, 
aufgegeben) 



anhangig 



(Status) 
(patented, pending, 
abandoned) 



(Application Serial No.) 
(Anmeldeseriennumer) 



(Filing Date) 
(Anmeldedatum) 



(Status) 
(patentiert, anhangig, 
aufgegeben) 



(Status) 
(patented, pending, 
abandoned) 



Ich erklare hiermit, dass alle von mir in der vorliegenden 
Erklarung gemachten Angaben nach meinem besten Wissen und 
Gewissen der vollen Wahrheit entsprechen, und dass ich diese 
eidesstattliche Erklarung in Kenntnis dessen abgebe, dass 
wissentlich und vorsatzlich falsche Angaben gemass Paragraph 
1001, Absatz 18 der Zivilprozessordnung der Vereinigten 
Staaten von Amerika mit Geldstrafe belegt und/oder Gefangnis 
bestraft werden koennen, und dass derartig wissentlich und 
vorsatzlich falsche Angaben die Giiltigkeit der vorliegenden 
Patentanmeldung oder eines darauf erteilten Patentes gefahrden 
konnen. 



I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statement and the like so made are punishable by fine or 
imprisonment, or both, under section 1001 of Title 1 8 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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German Language Declaration 



VERTRETUNGSVOLLMACHT: Als benannter Erfmder 
beauftrage ich hiermit den nachstehend benannten Patentanwalt 
(oder die nachstehend benannten Patentanwalte) und/oder 
Patent- Agenten mit der Verfolgung der vorliegenden 
Patentanmeldung sowie mit der Abwicklung aller damit 
verbundenen Geschafte vor dem Patent-und Warenzeichenamt: 



POWER OF ATTORNEY: As a named inventor, I hereby 
appoint the following attorney(s) and/or agent(s) to prosecute 
* this application and transact all business in the Patent and 
Trademark Office connected therewith: 




David Toren 
Alexander Zinchuk 
Ronit Gillon 
Paul Scott 



Reg. No. 19,468 
jleg.No. 30,541 



Reg. No. 47,071 



Telefongesprache bitte richten an: 



Direct Telephone Calls to: 

DavicfToren 
BROWN & WOOD LLP 
(212) 839-5300 . 



Postanschrift: 



Send Correspondence To: 

BROWN & WOOD llp 
_ CtoeWOTldTrade„ Center ^ 
NeWTorL New York 10048-0557 



UnterschrifUIes Erfinders 




Datum 



Voller Name des einzigen oder ursprunglichen 
Erfinders: 



Anatolii Fel 



*WoEn"^tz 

Hannover 



Deutschland 



Staatsangehorigkeit 



Postanschrift 

Laurinweg 1 5 



D-30179 Hannover 



Deutschland 



Inventor's Sij 




Date 

2. Z 



x 



Full name of first or sole inventor 



Anatolii Fel 



esidence 

Hannover 

Germany I^jr: 



Citizenship 



Post Office Address 

Laurinweg 15 



D-30179 Hannover 



Germany 



Unterschrift 




1 riders 



Datum Inventor's Signatun 

£2Afdrz Zool 



Voller Name des zweiten Miterfinders 




Date 

2 Z Man 2cox 



Full name of the second joint inventor, if any 



Wohnsitz 



Residence 



Staatsangerhorigkeit 



Citizenship 



Postanschrift 



Post Office Address 
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